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2,7 78,012 
PULSE SYNCHRONIZER 

Philip W. Crist, Hempstead, N. Y., assigner to Sperry 
Rand Corporation, a corporation of Delaware 

Application December 7, 1949, Serial No. 131,684 

12 Claims. (Cl. 343-103) 

This invention relates to automatic synchronizer cir 
cuits and particularly to apparatus for generating and 
precisely synchronizing a series of pulses in predeter 
mined time relation with recurrent control pulses. 

Automatic systems for producing and synchronizing a 
series of pulses with a series of recurrent control pulses 
are known in the prior art, Generally, such systems are 
actuated by the amplitude of the control pulses and hence 
are adversely aflected by random noise signals and by 
changes in the amplitude or wave form of the control 
pulses so that the synchronized pulses do not always oc 
cur in precisely the same time relation with reference to 
the respective control pulses; e. g., in Loran systems 
pulses of carefully controlled shape are transmitted in pre 
determined time relation from two locations and receiving 
equipment on a mobile craft is employed to receive and 
detect the pulses and to provide a measure of the time 
delay between the pulses received from the two loca 
tions, from which a hyperbolic line of position of the craft 
is ascertained. The accuracy with which the line of posi 
tion is determined depends, of course, upon the accuracy 
ot‘ the time-delay measurement. This, in turn, has in the 
past been limited by the appreciable eifects of sky-wave 
interference (night effect) and consequent distortion of 
the pulse wave forms received. Prior pulse timing cir 
cuits and devices have been quite vulnerable to this “sky 
wave” distortion, and vulnerable also to the effects of 
noise in the output of the Loran radio receiver. 

These difficulties are substantially overcome in the ap 
paratus disclosed by Walter N. Dean in copending ap 
plication S. N. 117,917 tiled September 15, 1949, for a 
Pulse Synchronizer which employs a large time-constant 
servo system which is controlled by the rate of increase 
in the magnitude of the Loran pulses to eitect synchro 
nization. 

Application S. N. 131,677 tiled by Robert Frank on the 
same date as the present application discloses and claims 
the pulse synchronizer and automatic time-delay indicator 
disclosed herein in the second servo loop of Fig. l. 
The present invention is an improvement over the Dean 

invention providing greater accuracy and reliability in 
performance. In a preferred embodiment, a Vlarge time 
constant servo system which is controlled by the rate of 
increase of the magnitude of the respective loran pulses 
is employed to effect synchronization. Precise control 
over the synchronization is `achieved by employing a 
variable delay circuit for introducing a delay in the servo 
system which varies inversely with a control voltage. 
This control voltage has a magnitude which varies di 
rectly in accordance with the rate of increase in the mag 
nitude (i. e. the slope), of the respective loran pulses at 
the time when the respective loran pulses attain a pre 
determined amplitude. 

ln a preferred embodiment of the invention, the con 
trol voltage is obtained by means of a pulse wave coin 
cidence circuit which is responsive to a differentiated ver 
sion of the loran pulses at a time when the pulses attain 
a predetermined amplitude. Anv alternative method of 
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obtaining the control voltage is by means of a pulse wave 
coincidence circuit which is responsive to the loran pulses 
at a predetermined time after each pulse attains a prede-l 
termined magnitude. 

Accordingly, it is an object of this invention to pro 
vide an improved loran receiving system of great ac 
curacy and reliability which is not adversely affected by 
sky-wave interference or by changes in the amplitude of 
the pulses received or by random noise signals in the out 
put of the loran receiver. 

Another object of the invention is to provide automatic 
pulse synchronization apparatus which is responsive to the 
rate of increase in the magnitude of each of the control 
pulses. 

Further objects and advantages of the invention will 
be apparent from the following description, the appended 
claims and the drawings, in which: 

Fig. 1 is a block diagrammatic disclosure of the syn 
chronizer apparatus showing how it may be employed in 
a loran receiving system; 

Fig. 2 shows various curves representing the wave 
form of and time relationships between signals which are 
produced in various parts of the apparatus shown in Fig. l; 

Fig-s. 3 and 4 show two alternative embodiments of the 
frequency controlled oscillator and pulse generator shown 
in the block diagram of Fig. l; 

Fig. 5 shows an alternative embodiment of the slope 
correction circuits shown in the block diagram of Fig. 1; 

Fig. 6 shows a schematic diagram of the slope con 
trolled delay circuit shown in block diagrammatic form 
in Fig. l; 

Figs. 7 and 8 are two curves illustrating the operation 
of the apparatus shown in Fig. 6; and 

Fig. 9 is a block diagrammatic disclosure similar to 
Fig. 1 showing how the slope correction circuits disclosed 
herein may be employed in a circuit requiring manual ad 
justments on the part of an operator to obtain the time 
delay reading. 

in the discussion of the preferred embodiment of this 
invention which follows, frequent reference will be made 
to Fig. 2 which shows the wave form of and time rela 
tions between the various signals which occur in the ap 
paratus disclosed in Fig. 1. It is to be observed that the 
letter which identities each curve in Fig. 2 is also em 
ployed in Fig. 1 to identify the circuit which conveys theV 
corresponding signal. 

Referring now to Figs. 1 and 2, the loran receiver 10 
serves to receive and detect the master and slave signals 
produced by a loran transmitting system (not shown). 
The detected master pnl-ses are produced at A and the 
detected slave pulses are produced at l. 
The wave forms shown for the master pulses A and the 

slave pulses I are illustrative of the wave forms actually 
received under three normal operating conditions in which 
the receiving apparatus is located approximately a fixed 
distance from the slave transmitter and a variable dis 
tance from the master transmitter of the loran system. ~ 
The first master pulse A is not affected by sky-wave in 
terference. The second and third master pulses A. are af 
fected by sky-wave interference which distorts the trail 
ing edges of these pulses. The difference in the ampli 
tudes of the three master pulses A results from differences 
in the distance between the loran receiver and the master 
transmitter of the loran system and to some extent from 
differences in the atmospheric conditions. The three slave 
pulses J are illustrative of a iixed set of receiving condi 
tions in which the pulses are of constant amplitude and 
each pulse is not atîected by sky-Wave interference. 
The master pulses A are applied to a first servo loop 

which comprises a pulse wave coincidence circuit 12, a 
íilter 14, -a frequency controlled oscillator and pulse gen 
erator 16,. a gate generator 18, and a portion of a slope 
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correctionA circuit 20. The pulse wave coincidence cir 
cuit 12 is a sampling circuit such as the four diode type 
shown on page 12 of the Proceedings of the Institute of 
Radio Engineers’forJanuary 1943 and it serves to sample 
the' magnitude'of thefpulses A during- each of the gates E 
which are appliedfto thel control circuit thereof, thereby 
producing output signals having magnitudes which are 
substantially equal yto' the‘magnitude of the‘pulses A dur 
ing each of the gates E. The filter 14, which may be a 
conventional type. employing lumped constants, has la 
long time-constant with respect to the repetition rate of 
the received master pulses A. The frequency controlled 
oscillator and pulse generator 16"mayl be either of the 
types shown-'in` Figs. 3 and 4. The gate generator 18 
may be a-conventio'nal type and it serves to produce a 
neg-ative'gate B having afdurationof the order of the dura 
tion of the master pulses A. 

Fig. 3 shows afrequency controlled oscillatorand pulse 
generator 16@ whi'chis suitable for use in loran systems 
in which the pulses have >a single repetition rate. A re 
actancc tube circuit- 22, whichy is responsive to the output 
of the filter 14, is employed to vary the frequency of a 
crystal controlled oscillator 24 over a small range. The 
frequency of the output of oscillator 24 is reduced to the 
repetition rate of the master-pulses A by a divider 26, 
which may be- a conventional type, and the output of the 
divider 26~is applied to a'pulse generator 28 which serves 
to produce a pulse of short duration in response to each 
cycle of the output of the divider 26. 
The alternative frequency controlled oscillator and 

pulsev generator 16’ shown 4in Fig. 4 is suitable for use 
in loran systems in which more than one transmitter sys~ 
tem is employed and some of the transmitter 'systems pro 
duce pulses having a repetition rate which differs from 
the repetition rate of thepulses produced by the other 
transmitter systems. A potentiometer 30 which is con 
nected across a battery 32 serves to complete the circuit 
between the filter 14 and a servo amplifier 34, and the volt 
age introduced into the servo loop by the potentiometer 
30 is of opposite polarity to the voltage produced by the 
filter 14. The output of the servo amplifier 34 is applied 
to a servomotor 36 which serves to control. the frequency 
of an adjustable oscillator 38 over the required frequency 
range. The frequency of the output ofthe adjustable 
oscillator 38 is reduced to the repetition rate of the master 
pulses A by a divider 26’ which may be the same type as 
the divider 26, and the output of the divider 26’ is applied 
to a pulse generator 28’whi'ch may be the same type as 
the pulse generator 28 and serves to produce a pulse of 
short duration in response to cach cycle of the output of ' 
thc divider 26’. 
An important feature-of slope correction circuit 20 is 

the slope controlled'delay circuit 40 which will be de` 
scribed in detail hereinafter. Gate B and signal G (which 
has a magnitude which varies in accordance with the 
rate of increase in the magnitude of the respective master 
pulses A) are appliedto the slope controlled delay circuit 
40 and signals C are produced thereby which are delayed' 
a time ö after the leading edges of the respective gates 
B. The time-delay 5 varies inversely with the magnitude 
of the signal G. 
The signals C are amplified by -amplifier 42, the ampli~ 

lied signals are differentiated by a‘conventional differenti 
ator 44, the differentiated signals are clipped by a con' 
ventional clipper 46, and the output D of the clipper 46 
is employed to actuate a conventionalV gate generator 4S 
to produce gates E which are of'very short duration'with 
respect to the duration of each of the master pulses A. 
The gates E are applied to pulse wave coincidence cir 

cuit 12 and serve to actuate this circuitv during each gate 
E so that the magnitude ofthe signal A is sampled during 
each of the gates E. The'circuit constants of the first servo 
loop are proportioned so that'~ the gates E are causedl to' 
occur when the respective master pulses attain‘a predeter 
mined magnitude such as two volts'ffor; example. Ifï they 
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frequency controlled oscillator and pulse generator 16 
shown in Fig. 3 is employed, this may be accomplished by 
adjusting the fixed bias voltage on the grid of the reactance 
tube. If the frequency controlled oscillator and pulse 
generator 16' shown in Fig. 4 is employed, this may be 
accomplished by adjusting the potentiometer 30. 
The gates E are also applied to pulse wave coincidence 

circuit 50 which may be the same type as circuit 12. Also 
a differentiated version F of the master pulses A is applied 
to the pulse wave coincidence circuit S0 by means of a 
diffcrentiator 52 and an amplifier 54, both of which may be 
conventional types. 
The gates E serve to actuate the pulse wave coincidence 

circuit Si) so that the magnitude of the signal F is 
sampled during each of the gates E. The output of the 
pulse wave coincidence circuit Si? is applied to a filter S6 
which has a long time-constant with respect to the time 
constant of the filter 14 and produces a signal G which 
has a magnitude which'varies in accordance with the 
rate of increase in the magnitude of the respective master 
pulses A during each gate E. Signal G is applied to the 
control circuit of delay circuit 4G and serves to control the 
delay 6 introduced by the slope controlled delay circuit 40. 

Since the signals C are caused to occur when the re 
spective masterl pulses A vattain a predetermined ampli 
tude such as two volts, it follows that the gates B are 
caused to occur a time ö before the respective master 
pulses attain the amplitude of two volts. it has been 
found that if the time-delay ä is caused to vary inversely 
with the rate of increase in the magnitude of the respec 
tive master pulses A at the times when the master pulses 
A attain a certain magnitude such as two volts, the true 
starting point ofthe master pulses A may be determined 
by subtracting-the time ö from the time at which the 
master pulses A attain a magnitude of two volts. Since 
the leading edges of gates B are caused to occur a time 
ô before signals C, it follows that the leading edges of 
gates B ar'e precisely coincident with the leading edges of 
the master pulses A. The slope controlled delay circuit 
4t) shown in Fig. 6 serves to produce the signals C which 
serve to introduce the time~delay 5 required. 

Referring now to Fig. 6, the triode tubes 5S and 69 
areeniployed to produce voltage drops lacross `their re- . 
specti've ycathode resistors 62 and 64 which are compared 
in a diode 66 to’ produce signals C when the voltage 
between ground and the tap 6'/ on a resistor d4 exceeds 
the lvoltagçf: across a resistor 62. 
Tube 58 is normallysupplied with positive grid voltage 

by means of a battery 68 and a resistor 70. Thus, the 
tube" 58 is normally in a conducting condition and a 
voltage'drop'is produced across the cathode resistor 62.. 
When each negative gate B occurs, the tube 58 is biased to 
cut-off for'thc duration of the gate and the voltage across 
condenser 72 decays exponentially due to the discharge of 
condenser’72 through resistor 52. The control signal G 
is applied across a grid-resistor 74 and servos to apply 
a positive voltage to the grid of tube 61? so that tube 60 
is inl a conducting condition and a current: îiou's through 
cathode resistor 64. A portion of the voltage drop across 
resistor 64 is applied to the anode of tube 66 through 
resistor 76 and the tap 67 on resistor 64. Resistor 62 
and the tap 67 on resistor 64 are adjustable so that the 
time-delay introduced by circuit 4f) may be adjusted. 

Thus the signals produced across the resistors 62 and 
64 are compared by the diode 45‘5. When the voltage 
from the anode of the diode 66 to ground exceeds the 
Voltage from the cathode of the diode de to ground, cur 
rent-flows from resistor 64 through resistor ïd, -...iode 65 
and'resistor 62 to ground, and signals C (Fig. 8) are pro 
duced which, by exponential decays of an otherwise con 
stant voltage each time that thc voltage from tr e g, 

67 on resistor 66S to ground exceeds the voltage resistor 62,‘«indicates the time ö after the leading edges 

of'gatesï'B‘ at whichthe respective master puises A attain 
apredeterminedy amplitude such as 2 volts. This time ö 
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varies inversely with the magnitude of signal G as shown 
in the curve of Fig. 7. .. . 

Suitable circuit constants for the slope controlled delay 
circuit shown in Fig. 6 are as follows:l 

Triodes 58 and 60 _; ________________ _, Type 12AT7. 
Diode 66 _______ __ ________________ __ Type 6AL5. 

R62 _‘.._`__'___‘._'_`__'___`__ ______________ __ 15,000 Ohms. 

R64 ____ __________________________ _, 5,000 ohms. 

R70 ‘___ ___________________________ __ 24,000 ohms. 

R74 ______________________________ _. 10 megohms. 

R76 ________________________ __- ____ __ 51,000 ohms. 

C72 ______________________________ _. .0036 mf. 

C78 _____________ __i _______________ __ 100 mmf. 

Battery 68 _________________________ __ 25 volts. 

The gates B are applied to la conventional differentiator 
79 which produces a signal H which is applied to a con 
ventional clipper and inverter 80 which in turn produces 
a series of pulses I, each of which occur in ñxed time rela 
tion with respect to the instant when the respective 
master pulses A are initiated. 
The slave pulses I are applied to `a second servo loop 

which comprises a pulse wave coincidence circuit 12', a 
ñlter 14', a potentiometer 81 and a battery S2 serially 
connected therewith, a servo ampliiier 84, a servomotor 
86, a potentiometer 8S and a battery 90 serially connected 
therewith, a variable delay circuit 92 and a portion of the 
slope correction circuit 94. The pulse wave coincidence 
circuit 12’ and the tilter 14’ may be the same as the 
circuit elements 12 and 14- described above. The servo 
ampliiier 84 and the motor 86 may be conventional types. 
The variable delay circuit 92 may be a variable-delay 
one-shot multivibrator such as the type disclosed on page 
591 of the book “Electronic Instruments,” by Green 
wood, Holdam and MacRae, published by the McGraw 
Hill book company in 1948. Circuit 92 serves to produce 
a positive gate K which has a duration which varies 
directly with the magnitude of the control voltage pro 
duced by potentiometer 88. 
The slope correction circuit 94 comprises a slope con 

trolled delay circuit 40', an ampliñer 42', a differentiator 
44', a clipper 46', a gate generator 48', a pulse wave 
coincidence circuit 50', a diiïerentiator 52’ and a filter 
56' which may be the same type as the corresponding 
circuit components 40 through 56 described above. A 
conventional delay circuit 96 and a conventional gate 
generator 98 are employed to interconnect the' output M 
of clipper 46’ tothe input of pulse wave coincidence 
circuit 50’. 

Pulses I are applied to the input of variable delay cir 
cuit 92 and serve -to initiate the respective gate pulses 
K produced thereby. Gates K are applied to slope con 
trolled delay circuit 40’ which produces a signal L which 
decays at times ö’ after the trailing edges of gates K. It 
will be observed that the slope controlled delay circuit 
40' is actuated by the trailing edges of the positive gates 
K, whereas circuit 40 is actuated by the leading edges ot 
the negative gates B. This is due to the fact that circuit 
40' must be actuated by a negative gate and the portions 
of signal K between each positive gate are employed as 
negative gates for circuit 4.0'. Signals L are amplified, 
differentiated and clipped to produce pulses M which are 
applied to gate generator 48’ which in turn produces gates 
N which are of very short duration with respect tto the 
duration of the slave pulses I. The gates N serve to 
actuate pulse Wave coincidence circuit 12’ so that circuit 
12’ produces signals which are proportional to the mag 
nitude of the slave pulses I during each gate N. This 
signal is applied to the filter 14' and the output of the 
ñlter 14’ is applied to a servo amplifier 84 through the 
search bias potentiometer 81. The voltage introduced 
into the servo loop by the potentiometer 81 is of opposite 
polarity to the voltage produced by the ñlter 14’. The 
output of the servo amplifier 84 is employed to actuate 
the motor 86 which in turn controls the position of the 
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potentiometer 4_88.- The output of the potentiometer 88 
is applied 4to the control circuit of the variable delay cir 
cuit 92 and serves to control the duration of each gate 
pulse K. 
The second servo loop is adjusted by means of the 

potentiometer 81 so that each gate N is caused to occur 
when the respective slave pulses I attain a predetermined 
magnitude such as two volts. Y 
The circuit constants of the slope controlled delay 

circuit 40’ are proportioned so that the delay ô’ intro 
duced thereby is precisely equal to the ditîerence in time 
between the time when the respective slave pulses I are 
initiated and the time when the slave pulses J attain a 
magnitude of two volts as discussed above with reference 
to slope controlled delay circuit 40. In this manner the 
trailing edges of gates K are caused to occur precisely at 
the instant when the respective slave pulses I are initiated. 
Thus, the duration of gates K is a measure of the time~ 
delay t between the respective master and slave pulses. 
Since the duration of gates K is determined by the voltage 
produced by potentiometer 88 which in turn is determined 
by the position of the rotor of motor 86, it follows that 
the time-delay r between the master pulses A and the 
slave pulses I is determined automatically by reading au 
indicator 100 which shows the position of the rotor of 
motor S6. 
The slope correction circuit 94 differs from the circuit 

20 in that no amplifier is employed between the diii'er 
entiator 52' and the pulse Wave coincidence circuit 50' 
and in that the gates O which are applied to the pulse 
wave coincidence circuit 50’ are delayed a time a 'after 
the respective pulses M. In lthis manner the diiïerentiated 
pulses P are sampled by the pulse wave coincidence cir 
cuit 50’ a fixed time a after the respective slave pulses I 
attain a predetermined amplitude such as two volts. The 
output of pulse Wave coincidence circuit 50’ is smoothed 
by 1a filter S6’ which produces a signal Q which has a 
magnitude which varies in accordance with the rate of 
increase in the magnitude of the respective slave pulses 
I during a predetermined time a after the respective slave 
pulses I attain an amplitude of two volts. Signal Q is 
employed to control the delay introduced by slope con 
trolled delay circuit 40’ as discussed above with reference 
to circuit 40. 

It will be apparent that slope correction circuits 20 
and 94 perform the same functions and that either cir 
cuit may be employed in both the ñrst and second servo 
loops disclosed in Fig. l. 

Fig. 5 shows a slope correction circuit 102 which is 
the equivalent of the slope correction circuits 20 and 94 
disclosed in Fig. l. The slope correction circuit 102 
dilîers from circuit 94 in that the slave pulses l are intro 
duced directly to the pulse wave coincidence circuit 50’ 
without being differentiated. Since pulse Wave coinci 
dence circuit 50’ is actuated a fixed time at after the re 
spective slave pulses I attain a predetermined amplitude, 
it follows that the output Q of iilter 56’ is a signal which 
varies in accordance with the rate of increase in the 
magnitude of the respective slave pulses i during the 
time interval a. 
The apparatus shown in Fig. 9 illustrates the use of my 

slope -correction circuit 20 in a Loran receiving system 
which is manually operated. The apparatus employed to 
produce pulses at the output of clipper 80 which are 
coincident with the leading edges of master pulses A is 
identical with the apparatus disclosed in the upper half 
of Fig. 1 which serves to produce pulses i. identical 
apparatus is employed to produce pulses at the output ot 
clipper 80’ which are coincident with the leading edges 
of slave pulses i. The output of clipper 80 is applied 
directly to one of the vertical deflection plates oi a 
cathode-ray tube 104. The output of clipper 80' is ap 
plied to the other Vertical deflection plate of tube 104 
through an adjustable delay circuit 106. 
The horizontal deflection plates of tube 104 are con 
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nectedïto the output of a conventional sweep generator 
108. Sweep generator`103 is actuated by a sweepk syn 
chronize'rl 110 which serves to initiate the sweep excursion 
a fixed time before each master pulse A occurs. Co 
pending applicz-ition'l Sl N. 74,218 for a synchronizer, filed 
February 2, 1949, by Winslow Palmer, now Patent No. 
2,636,988 issued April 28, 1953, discloses~ suitable appa 
ratus for use as the sweep synchronizer 1li). > 

In the operation, the adjustable delay circuit 106 is 
adjusted until the pulses representing the master and 
slave pulses are coincident on the screen of the cathode 
ray tube 104, and then the time-delay between the master 
and slave pulses is equal to the delay introduced by the 
adjustable delay circuit 106. 

If desired, the pulses produced by clippers 80 and 86’ 
may be applied directly to the vertical deliection plates 
of the cathode-ray tube 104, and the time-delay between 
the master and slave pulses is then determined by the 
spacing between the two pulses on the screenof tube 194. 
This may be accomplished by the apparatus shown in 
Fig. 9 by setting the adjustable delay circuit 106 so that 
no delay is introduced. 

lt will be observed that in the apparatus shown in 
Figs. l and 9, the master and slave pulses are sampled 
during the leading edges of the respective pulses so that 
the sampling process is not affected by sky-wave inter 
ference which, in conventional Loran systems, usually 
occurs about 50 microseconds after the direct wave sig 
nals are received. 

Furthermore, it will be observed that the various servo 
loops employ large time-constant filter circuits so as to 
minimize the etîects of random noise signals. 

lt will be apparent that various modifications can be 
made in the apparatus disclosed herein. For example, 
various types of well-known circuits may be employed 
instead of the four diode type pulse wave coincidence 
circuits 12, 12', 50 and 56)' or instead of the variable 
delay one-shot multivibrator type variable delay circuit 
92 (Fig. l) described herein, and the output of clippers 
8l) and 80’ (Fig. 9) vmay be employed to actuate appa 
ratus for automatically indicating a position of the craft 
on which the receiving system is located. 

Since many changes could be made in the above con 
struction and many apparently widely different embodi 
ments of this invention could be made Without departing 
from the scope thereof, it is intended that all matter con 
tained in the above description or shown in the accom 
panying drawings shall be interpreted as illustrative and 
not in a limiting sense. 
What is claimed is: 
l. in combination, an input circuit adapted to be con 

nected to a source of recurrent control pulses, a differ 
entiator connected to said input circuit, and a generator 
connected to said input circuit and to the output of said 
dirlcrentiator and responsive to a predetermined magni 
tude of said control pulses and the magnitude of the 
signal produced by said difierentiator for producing a 
series of pulses in synchronism with said control pulses. 

2. ln combination, a source of recurrent control pulses, 
a first sampling circuit connected to said source for in 
stantaneously sampling the magnitude of said control 
pulses, a difierentiator connected to said source, a second 
sampling circuit connected to the output of said difier 
entiator, a servo loop including a gate generator respon 
sive to the outputs of said first and second sampling cir 
cuits and having its output connected to the input cir 
cuits of said first and second sampling circuits for pro 
ducing a series of pulses in synchronism with said control 
pulses. 

3. In combination, an input circuit adapted to be con 
nected to a source of recurrent control pulses, means 
connected to said input circuit for instantaneously sam 
pling the magnitude of said control pulses, generator 
means responsive to the output of said sampling means 
for producing a series of signals having a repetition rate 
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8 
substantially equal to the repetition rate of said control 
pulses, a- variable delay circuit connected to the output 
of said generator means and having a control circuit con 
nected to said input circuit and responsive to the rate of 
increase in the magnitude of said controlç pulses for de 
laying said series of signals a time which varies substan 
tially inversely with the rate of increase in the magnitude 
of saidïcontrol pulses, and means interconnecting the out 
put of said variable delay circuit and the control circuit 
of said sampling means for actuating said sampling means 
in response to the delayed pulses. 

4. In a synchronizer system having an input circuit 
adapted to be connected 4to a source of recurrent control 
pulses, a differentiator connected to said input circuit, 
and a servo system responsive to said control pulses and 
to the output of said diflerentiator and including means 
for sampling the magnitude of said control pulses and 
the magnitude of the output of said dilferentiator to pro 
duce iirst and second control voltages, said servo system 
further including a pulse generator having its frequency 
controlled by said first control voltage and a variable delay 
circuit having its output connected to the control circuits 
of said sampling means and being responsive to said sec 
ond control voltage for producing'pulses delayed with re 
spect to the respective pulses produced by said pulse gen 
erator a time which varies substantially inversely with 
the magnitude of said second control voltage. 

5. In a synchronizer system having an input circuit 
adapted to be connected to a source of recurrent control 
pulses, means connected to said input circuit for instanta 
neously sampling the magnitude of said control pulses, a 
filter connected to the output of said sampling means, 
generator means connected to the output of said íilter for 
producing signals coincident with said control pulses, a 
variable delay circuit connected to the output of said gen 
erator and having a control circuit connected to said in 
put circuit and responsive to the rate of increase in the 
magnitude of said control pulses for delaying said coin 
cident signals a time which varies inversely with the rate 
of increase in the magnitude of said control pulses, and 
means interconnecting the output of said delay circuit and 
the control circuit of said sampling means for actuating 
said sampling means in response to the delayed pulses. 

6. The apparatus of claim 5, wherein said filter has a 
large time-constant with respect to the repetition rate of. 
said control pulses. 

7. In combination, an input circuit adapted to be con 
nected to a source of recurrent control pulses, means con 
nected to said input circuit for instantaneously sampling 
the magnitude of said control pulses, means responsive 
to the output of said sampling means for producing sig 
nals having a repetition rate substantially equal to the rep 
etition rate of said control pulses, means connected to 
said input circuit for producing a control voltage having 
a magnitude which varies in accordance with the rate of 
increase in the magnitude of the respective control pulses, 
a variable delay circuit responsive to said control voltage 
for delaying said signals a time which varies inversely 
and substantially exponentially with the magnitude of said 
control voltage, and means interconnecting the output of 
said delay circuit and the control circuit of said sampling 
means for actuating said sampling means in response to 
each of the delayed pulses. 

8. ln a synchronizer system having an input circuit 
adapted to be connected to a source of recurrent control 
pulses, means connected to said input circuit for sampling 
the magnitude of said control pulses, variable generator 
means responsive to the output of said sampling means 
for producing signals having a repetition rate substantial 
ly equal to the repetition rate of said control pulses, a 
variable delay circuit interconnecting the output of said 
generator means and the control circuit of said sampling 
means, said variable delay circuit having a control circuit 
and being adapted to produce signals delayed a time which 
varies inversely with the magnitude of a voltage applied 
`to said control circuit, a second sampling means having 
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its control circuit connected to the output of said variable 
delay circuit, diiferentiating means interconnecting said 
input circuit Iand the input of said second sampling means, 
and ñlter means connected between the output of said 
second sampling means and the control circuit of said 
variable delaye circuit. 

9. In a synchronizer system having an input circuit 
adapted .to be connected to a source of recurrent control 
pulses, means connected to said input circuit for sampling 
the magnitude of said control pulses, variable generator 
means responsive to the output of said sampling means 
for producing signals having a repetition rate substantially 
equal to the repetition rate of said control pulses, a vari 
able delay circuit interconnecting the output of said gen 
erator means and the control circuit of said sampling 
means, said variable delay circuit having a control cir 
cuit for causing the delay circuit to produce signals de 
layed after the signals produced by said generator means 
a time which varies inversely with the magnitude of a 
voltage applied to said control circuit, a second sampling 
means, a fixed delay circuit interconnecting the output 
of said variable delay circuit and the control circuit of 
said second sampling means, means interconnecting the 
input of said second sampling means and said input cir 
cuit, and lilter means connected between the output of 
said second sampling means and the control circuit of 
said variable delay circuit. 

l0. The apparatus of claim 9, wherein said intercon 
necting means includes a differentiating circuit. 

1l. In a radio system employing a pair of trans 
mitters to produce a ñrst and a second series of pulse 
rnodulated eiectromagnetic waves having predetermined 
time relationships, a receiver adapted to detect said waves 
and produce control pulses corresponding to said first and 
second series of pulses, means including differentiating 
means responsive to said control pulses for producing 
first and second control voltages having magnitudes which 
vary in accordance with the rate of increase in the mag 
nitudes of the first and second series of control pulses 
respectively, ia first pulse generator responsive to said 
first control voltage and to the control pulses which cor 
respond to said ñrst series of pulses for producing a series 
of pulses in synchronism with said ñrst series of pulses, 
a second pulse generator responsive to said second con 
trol voltage and to the control pulses which correspond 
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to said second series of pulses for producing a series of 
pulses in synchronism with said second series of pulses, 
and means connected to the outputs of said first and sec 
ond pulse generators for comparing the time-delay be 
tween slaid first and second series of pulses. 

12. In a radio system employing a pair of transmitters 
to produce a first and a second series of pulse-modulated 
electromagnetic waves having predetermined time rela 
tionships, a receiver adapted to detect said waves and 
produce control pulses corresponding to said first and 
second series of pulses, means responsive to said control 
pulses for producing first and second control voltages 
having magnitudes which vary in accordance with the 
rate of increase in the magnitudes of the first and second 
series of control pulses respectively, first and second 
pulse generators having control circuits for varying the 
frequency of the pulses produced thereby, first and sec 
ond servo `systems including said first `and second pulse 
generators respectively and being responsive to said con 
trol pulses for causing said first and second pulse gen 
erators to produce pulses in synchronism with the first 
and second series of control pulses respectively, said first 
servo system further including a variable delay circuit 
responsive to said ñrst control voltage and to the output 
of said first pulse generator for producing pulses delayed 
with respect to the respective pulses produced by said 
first pulse generator a time which varies inversely with 
the magnitude of said first control voltage, said second 
servo system further including a variable delay circuit 
responsive to said second control voltage and to the 
output of said second pulse generator for producing 
pulses delayed with respect to the respective pulses pro 
duced by `said second pulse generator a time which 
varies inversely with the magnitude of said second con 
trol voltage, and means connected to the outputs of 
said first and second pulse generators for comparing the 
time-delay between the pulses produced thereby. 
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